Abstract GRM (Gamma-Ray Monitor) is the high energy detector on-board the future Chinese-French satellite SVOM (Space-based multi-band astronomical Variable Object Monitor) which is dedicated to Gamma-Ray Burst (GRB) studies. This paper presents the investigation of the on-board counting rate trigger algorithms of GRM. The trigger threshold and trigger efficiency based on the given GRB sample are calculated with the algorithms.
INTRODUCTION
Gamma-ray bursts (GRBs), which are flashes of gamma-rays associated with extremely energetic explosions in the cosmological distance, are unpredictable and short. And the satellite telemetry band-passes are not large enough to send every detection event to the ground in real time. In addition, the satellite will encounter many non-GRB events in orbit which can introduce false triggers in detector. These factors make it important to develop on-board trigger algorithms for three purposes: 1) to detect GRBs as early as possible which makes it possible to detect the early afterglow and to allow the follow-up observations of the GRBs with high redshift; 2) to increase the trigger efficiency of GRBs and the types of GRBs; 3) to reject the false triggers rate and to decrease the false trigger.
A uniform and easily understood trigger algorithm, which searched for count increases over a few time scales and the backgrounds were estimated by taking an average of the count rate from a period before the burst, was employed by most previous experiments (vela, PVO, ISEE-3, Ginga and BATSE). In such a trigger algorithm, a large threshold (≥ 11σ) was usually set to decrease the false triggers. However, even with * Supported by 973 Program 2009CB824800, NSFC10978001 and the Knowledge Innovation Program of the Chinese Academy such a large threshold, most experiments still had a high false trigger rate. The statistical fluctuations and the trends of the background are the two main factors causing false triggers, and the latter one becomes the critical factor when using large threshold. In addition to the traditional trigger algorithm, the High Energy Transient Explorer (HETE-2) Tavenner et al. 2001) estimates the background in the trigger sample region by fitting the background regions with polynomial. Such trigger algorithms can remove the trends effectively and allows HETE-2 to use a much smaller threshold than previous experiments. The Burst Alert Telescope (BAT) of SWIFT Fenimore et al. 2004; ) also adopts the similar trigger algorithms.
SVOM is a LEO mission with an altitude of 600 km and an inclination of 30
• . Like SWIFT, SVOM (Space-based multi-band astronomical Variable Object Monitor) (Paul et al. 2011; Basa et al. 2008) can slew rapidly the low energy instruments (MXT and VT) to the sources for follow-up observations. Before starting this operation, the satellite needs to confirm that there is a burst localized by the high energy payloads GRM (Gamma-Ray Monitor) and ECLAIRs. Both GRM and ECLAIRs can get trigger information by the counting rate trigger algorithm, and ECLAIRs can further confirm the source and obtain its location by the image trigger algorithm .
GRM is sensitive in the energy range from 30 keV to 5 MeV. It is a phoswich detector which consists of three scintillator layers of plastic scintillator, NaI(Tl) and CsI(Na). The three kinds of scintillators with a diameter of 190 mm are glued together and viewed with the same light guide coupled to a PMT. The thicknesses of plastic scintillator, NaI(Tl) and CsI(Na) are respectively 6 mm, 15 mm and 35 mm. NaI (Tl) works as the main detecting element of GRM while CsI(Na) is another important detection element and also serves as anti-coincidence element against photons from behind. The plastic scintillator is dedicated to reject the background events due to the low energy charged particles. The beryllium plate with a thickness of 1.5 mm is chosen as entrance window of this triple phoswich detector. And the collimator made of tantalum is located in front of the scintillator case to reduce the background by limiting the FOV to 2.5 steradians.
ECLAIRs is a coded-mask imaging camera for X-and gamma-rays with a 2 sr-wide FOV and 1024 cm 2 detector area. It mainly consists of a detection plane of 80×80 CdTe semiconductor detectors, a coded-mask located above the detection plane, a multi-layer lateral shield between the detection plane and the mask, and some mechanical structures, etc. Its detection energy range is 4 keV -250 keV. We build the mass model of GRM and ECLAIRs with Geant4 package. And for the detailed descriptions of the instruments, see the references (Zhao et al. 2012; Dong et al. 2009; Godet et al. 2009; and Mandrou et al. 2008) , respectively.
In this study, we investigate the on-board GRB trigger algorithms of GRM in detail based on the given GRB sample and estimate the impact of solar flares on GRM. The paper is organized as follows: The GRB sample used in the trigger algorithms is briefly described in Section 2. We study three counting rate trigger algorithms, try to find the most sensitive energy ranges and time scales, and compare the trigger characteristics of GRM and ECLAIRs in Section 3. In order to seek for the method to reject false triggers,
we analyze the impact of solar flares on GRM and investigate how to distinguish the triggers caused by solar flares from those by GRBs in Section 4. Finally, in Section 5, we conclude with a concise summary
THE GRB SAMPLE
We collect a GRB sample consisting of 249 long GRBs and 103 short GRBs for the investigation of the trigger algorithms. All of the spectra we used are the time-integrated spectra.
The spectra of long GRBs are from Table 9 in (Kaneko et al. 2006) . And these GRBs are selected from the 2704 GRBs of BATSE based on the criterion of a peak photon flux in 256 ms (50-300 keV) greater than 10 photons/s/cm 2 or a total energy fluence in the summed energy range (∼20-2000 keV) larger than 2.0 × 10 −5 ergs/cm 2 . A set of photon models were used to fit each GRB in the energy range 30-2000 keV, and the best-fit model was chosen according to χ 2 probabilities and parameter constraints. Excluding the GRBs which have no duration information 1 or no flux/fluence data, we get 249 long GRBs.
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For the 103 short GRBs, 26 GRBs are from BATSE (Ghirlanda et al. 2004 ) and the other 77 short GRBs are from GBM (Nava et al. 2011) . In (Ghirlanda et al. 2004) , the authors selected the short GRBs (T 90 ≤2 sec) with a peak flux (computed on 64 ms timescale and integrated over energy range 50-300 keV) exceeding 10 photons/cm 2 /s from the GRB catalog 2 and fitted them with the comptonization model (Ghirlanda et al. 2002) in the energy range ∼30 keV-1.8 MeV. A sample of 28 short GRBs with 100-300 keV fluence ≥ 2.4 × 10 −7 erg/cm 2 was obtained. Excluding the two GRBs with uncertain E peak , we finally get the 26 short GRBs. In (Nava et al. 2011) , the spectra of GRBs detected by GBM up to March 2010
were analyzed with single power-law model, Band function and Comptonized model which are defined in (Kaneko et al. 2006) . And 77 short GRBs with the best-fit model were obtained.
The parameter distributions of the GRB sample are shown in Fig. 1 . The spectra of short GRBs with the average low energy spectral index of -0.72 are harder than that of long GRBs with index of -1.07. The average E peak of short GRBs (exclude the GRBs with spectra of PL) is 662 keV which is larger than that of long GRBs (294 keV). And the average energy flux (2.3 × 10 −6 erg/cm 2 /s) of short GRB is approximately two times of that of long GRBs (1.2 × 10 −6 erg/cm 2 /s).
The long and short GRBs described above are bright GRBs with raletively high peak photon flux and energy fluence. In addition, we get another set of GRBs, which are called dark GRBs thereafter, by reducing the flux of the bright GRBs and keeping other features the same. Thus, we get a GRB sample including bright and dark GRBs to study the trigger algorithms of GRM. All of the light curves required are from the dataset of BATSE 3 . For the GRBs of GBM, we select the corresponding light curve of BATSE with the similar duration.
We get the detected spectra of GRBs by inputting the corresponding spectra into the mass model built with Geant4. And then we can get the time information for each detected photon by random sampling according to the corresponding light curves. Finally, we can obtain the detected photon lists with energy and time information which will be used as the input data to investigate the trigger algorithms of GRM and ECALIRs.
THE GRB TRIGGERS
In this section, we study the GRB triggers of GRM with the counting rate trigger algorithms. We describe three kinds of counting rate trigger algorithms, and compute the corresponding trigger threshold and trigger efficiency. We also analyze the GRB triggers of ECLAIRs in the same way for comparisons. NaI(Tl) is the main detection crystal of GRM. And the threshold and efficiency of GRM discussed in this section are the results of GRM NaI.
Counting rate trigger algorithms
The counting rate trigger algorithm is a method to look for GRBs by searching for a "significant" increase in the photon count rate over a background count rate. And the photon count rate is generally corresponding to the given energy range, time scale and the detector plane zone. The detector plane zone is applicable to the pixel detector but not to the scintillation detector like GRM. For the preliminary studies of the GRB trigger of ECLAIRs, we do not consider the detector plane zone. Triggering in different energy ranges can tailor the detector sensitivity to hard or soft GRBs. And triggering on different time scales can adapt the detector to long or short GRBs. We select 30-50 keV, 50-150 keV, 150-300 keV, 300-550 keV and 550-5000 keV as the trigger energy ranges for GRM and select 4-50 keV, 4-80 keV, 4-120 keV and 15-50 keV for ECLAIRs considering the detection efficiency and the spectral feature of GRBs. One of the important reasons why the energy range is divided finely is that we will try to reject false triggers by analyzing the distribution of triggers on energy ranges which is discussed in Section 4. In addition, we need to prepare for the investigation of the cooperations between GRM and ECLAIRs on GRB triggers. According to the experience from the previous satellites, we adopt 5 ms×2 n as the trigger time scales of GRM and ECLAIRs.
We define 5 ms-80 ms as short time scales and 160 ms-40 s as long time scales.
Generally, in the trigger algorithm, the range of times when there is no apparent emission from GRB is the background period (thereafter Back) and that when the GRB will probably produce strong emissions is the foreground period (thereafter Fore) ). The algorithms on short and long time scales are called short rate trigger algorithm and long rate trigger algorithm, respectively. In short rate trigger algorithm, the background during Fore is expressed by the average count rate in the Back in a period before Fore Tavenner et al. 2001) . Such a algorithm is very appropriate for short GRB triggers in real time because its computation is simple and fast. In the long rate trigger algorithm on long time scales, the period needed to compute the background is much longer during which the trend of the background is obvious. In order to deal with the trend, generally people will fit the background with a proper function. And the simple and effective linear function is used in our studies. Then we can subtract effectively the background during Fore by interpolating or extrapolating the fitting function. The long rate trigger in which all of the Backs are before the Fore is called long one-sided trigger, and that in which some
Backs are after the Fore is called long bracketed trigger. We denote the Backs before and after the Fore by Back1 and Back2, respectively. The long bracketed trigger can subtract the background in foreground period best. But it needs the longest time because the trigger has to be delayed until after Back2. In order to reduce the delay time, Back2 is usually much shorter than Back1 and the space between Back2 and Fore is also shorter. The parameter setting of the trigger algorithm is discussed in (Tavenner et al. 2001) . In order to detect all kinds of GRBs in real time and measure the spectra as complete as possible, we can run these three kinds of trigger algorithms on the on-board computers simultaneously.
Trigger Threshold
With the three kinds of trigger algorithms described above, we investigate the GRB triggers of GRM and ECLAIRs. In (Zhao et al. 2012) , we simulated the background of GRM and ECLAIRs for seven typical Earth positions relative to the FOV. With the same method and the given relative Earth positions on the orbit, we can get the background varying with the satellite orbit, namely with time. In this study, we only consider one factor for the orbit, namely the Earth position. For ECLAIRs, we take account three kinds of gamma-ray background. And for GRM, we also consider the delayed background caused by the trapped high energy protons in SAA as a constant approximately, because it will not change obviously with the relative Earth position. From the background simulations, we know that ECLAIRs has more background counts than GRM in their own energy ranges, and the background of ECLAIRs varies with the Earth position more obviously than that of GRM.
With the background, we can set the threshold which should cause neither too many false triggers nor too low trigger efficiency. There are 70 (56) trigger energy range and time scale combinations for GRM (ECLAIRs). And for each combination, we compute the threshold in the way inspired by the method provided in ).Firstly, we get the background varying with the satellite orbit corresponding to different combinations. Then, we run the trigger algorithms with no injected bursts under the background conditions to compute the corresponding maximum value S max =(Fore-Back)/ √ Back for each combination.
Finally, we set the appropriate threshold according to S max . In order to avoid the false triggers due to the known background, we set S max +0.5 as the threshold in this study. The threshold depends on the count rate, the trend of the background, as well as the trigger algorithm.
And comparing with the background of GRM, ECLAIRs has larger count rate and more rapid trend on their own time scale and energy range combinations. The top panel in Fig. 2 shows that the threshold of GRM is much larger than that of ECLAIRs on the short time scale where the maximum threshold of GRM appears (e.g. On the time scale 5 ms, the maximum threshold of GRM is 10.5 and that of ECLAIRs is 5.9.); that the threshold of ECLAIRs is very large with the long one-sided trigger algorithm on the long time scale where its maximum threshold appears; and that the long bracketed trigger decreases the threshold of one-sided trigger algorithm is 13 and that with long bracketed trigger is 5.). As a result, we can conclude that: i) on the short time scale, the threshold is mainly determined by the count rate of the background and its fluctuation; and the threshold decreases as the count rate increases. ii) on the long time scale, the threshold mainly depends on the trend and the algorithm; and the threshold will be obviously smaller using long bracketed trigger than using long one-sided trigger if the trend is rapid. iii) on the long time scale, it is of great importance for ECLAIRs to adopt the long bracketed trigger algorithm to reduce the threshold to detecte dark GRBs. Comparing the threshold on time scales and that in energy ranges in Fig. 2 , the largest threshold values of GRM lie in the energy ranges above 150 keV, that is because the count rates in these energy ranges on short time scale are the lowest. And the largest threshold values of ECLAIRs lie in the energy ranges of 4-50 keV, 4-80 keV and 4-120 keV because of the most rapid trend of background and the use of long one-sided trigger.
Trigger Efficiency
With the trigger threshold, we can compute the corresponding trigger efficiency for the given GRBs described in Section 2 for each time scale and energy range combination. In this section, we will use the dark GRBs which are obtained by reducing the flux of the bright GRBs to 1/10 or 1/100 and keeping other features the same. And with the application of dark GRBs, the sensitive time scales and the sensitive energy ranges, as well as the characteristics of GRBs which are triggered in GRM and ECLAIRs can be found out.
The variations of the trigger efficiency for short and long GRBs with time scales are shown in Fig. 3 .
We present the trigger efficiencies of GRM and ECLAIRs for bright GRBs in the left two panels and for dark GRBs in the right two panels. The trigger efficiency for dark GRBs is obviously lower than that for bright GRBs overall. Besides that, Fig. 3 shows that: 1) On different time scales, the maximum efficiencies of GRM and ECLAIRs are similar (e.g. On time scale 1 sec, both the maximum efficiencies of GRM and ECLAIRs are 85.4% for bright short GRBs, and are 100% for bright long GRBs); 2) On long time scales, the efficiency with long one-sided trigger is lower than that with long bracketed trigger which is more obvious for ECLAIRs (e.g. On time scale 1 sec, the maximum efficiency is 91.5% with long one-sided trigger for the long GRBs with 1/10 of the flux of bright long GRBs, and is 96.7% with long bracketed trigger) because of the higher trigger threshold using long one-sided trigger; 3) For long GRBs, GRM and ECLAIRs have higher efficiency on long time scales because the accumulation of the count rate on long time scales can increase their significance, and the efficiency on short time scales below 1 sec decreases quickly as the flux of GRBs decrease; 4) For short GRBs, GRM and ECLAIRs have the maximum efficiencies on a few hundred ms (The maximum efficiencies of ECLAIRs and GRM are 89.3% and 93.2%, respectively, and both of them are on the time scale 160 ms.).
The variations of the trigger efficiency for short and long GRBs with energy ranges are shown in Fig. 4 and 5, respectively. From the maximum efficiency in each energy range, we can conclude that 50-150 keV and 150-300 keV are the most sensitive energy ranges for GRM. The efficiency for dark GRBs is obviously lower than that for bright GRBs which may be due to the narrowness of the energy ranges. Accordingly,
we combine different energy ranges to form a larger one. And the corresponding results are presented in range, the efficiency of dark GRBs is still much lower. And that the energy ranges below 300 keV are still the most sensitive. For ECLAIRs, the highest trigger efficiency of all kinds of GRBs in every energy range is very similar.
Almost all of the bright GRBs can be triggered in both GRM and ECLAIRs, especially the bright long GRBs. Therefore, we investigate the characteristics of GRBs which have triggers in GRM or ECLAIRs using dark GRBs. We extract three kinds of GRBs which have triggers only in GRM, only in ECLAIRs and which have triggers in neither one, respectively. And we denote these three kinds of GRBs by GRM-GRBs, ECLAIRs-GRBs and NO-GRBs for convenience, respectively. The numbers of these GRBs are shown in Table 1 . And their distributions on Low energy spectral index vs. E peak and Low energy spectral index vs.
Energy flux are shown in Fig. 7 and 8 in which the three kinds of GRBs are denoted by solid triangles, solid squares and hollow circles, respectively. Some of the GRBs have no the parameter of E peak , therefore, the data in the left panels of Fig. 7 and Fig. 8 are less than those in the right panels.
As the flux decrease, the characteristics of GRM-GRBs, ECLAIRs-GRBs and NO-GRBs are as follows:
1) The numbers of GRM-GRBs, ECLAIRs-GRBs and NO-GRBs increase gradually before the flux de- The trigger efficiency of GRM 3) The proportion of the GRBs with single power-law spectrum in ECLAIRs-GRBs is much larger than that in GRM-GRBs. 2) and 3) imply that GRM is more sensitive to hard GRBs comparing with ECLAIRs, and that GRM will play a very important role in measuring the E peak especially the E peak of short GRBs.
THE SOLAR FLARE TRIGGERS
Solar flares (Lin 2011; Fletcher et al. 2011) are the most powerful explosions in the solar system. Out of the 8021 triggers of BATSE, the proportions of GRBs and solar flares are 33.7% and 14.8% 4 , respectively.
There are so many triggers induced by solar flares on BATSE that it is necessary to estimate the impact of flares on GRM which is a scintillator detector. SVOM will point close the anti-solar direction during a large fraction of the orbit. So, we can predict that the probability of the triggers caused by solar flares in GRM will be much lower than that in BATSE. BATSE distinguish flares from GRBs mainly by location and spectrum combined with the observations of GOES (Mallozzi et al. 1993) . The pointing strategy of SVOM makes ECLAIRs unable to image and localize solar flares. Thus, the distinction of solar flares can only rely on the performance of GRM or the combinations with the observations of other instruments. In this section,
we will study how to distinguish the solar flares from GRBs using the data of GRM NaI and GRM CsI. keV, 300-1000 keV and 300-5000 keV, respectively).
We use the solar flares observed by RHESSI as the sample. Getting rid of the events which have no Long GRB, have triggers olny in GRM Long GRB, have triggers olny in ECLAIRs Long GRB, have no trigger Fig. 8 The distributions of the dark long GRBs which have triggers in GRM or in ECLAIRs. the one hand, we statistic the distribution of these solar flares; on the other hand, we do simulations with one typical flare. We estimate the average number of flares which can be detected by GRM per year and investigate the method to distinguish solar flares from GRBs via these two aspects of work.
The distributions of the flares on the highest energy band and on the peak count per second in energy range 12-25 keV are shown in Table 2 . Most of the solar flares are soft and are not very intense. The flares with highest energy ≥50 keV is only 2.3%, and those with peak counts ≥400 in 12-25 keV is 11.8%. When photons inject from behind, the efficiency of GRM NaI for the 100 keV photons is 0.85%, and for the 300 keV and 800 keV photons are 4.4% and 8.5%, respectively. Accordingly, we can expect that only the solar flares with high energy and large peak counts can be detected by GRM.
Solar flare SOL2002-07-23(X4.8), whose spectrum and light curves can be found in (Lin 2011 ) and on the web site 6 , is a very typical intense flare. For this flare, the measurements span almost 4 orders of magnitude in photon energy and more than 12 orders in flux. SOL2002-07-23 lasts about one hour and its peak count in energy range 12-25 keV is about 42341 counts/s. We adopt its spectrum and light curve in energy range 25-7000 keV.
Like what we did for GRBs, we decrease the flux of SOL2002-07-23 keeping the shapes of spectrum and light curve to obtain the flares of M2.4, M1 and C4.8. And for different classifications of flare, we get the trigger results in GRM NaI and GRM CsI as shown in Fig. 9 and 10. The flare of X4.8 has triggers in every energy range of GRM NaI and GRM CsI, though it has almost no trigger in GRM NaI on the time scale less than 20 ms. For the flare of M2.4, there is no trigger on short time scales; the main trigger energy range of GRM NaI is 50-150 keV; and there are very few triggers in energy range 150-300 keV on longer time scales (≥10 sec). In GRM NaI, there is not any trigger for the flare of C4.8 whose peak count is 423 counts/s. Assuming that only the flares, which have energy emissions above 50 keV and peak counts more than 400 counts/s, have triggers in GRM NaI. And then 187 (about 0.3%) out of the solar flares observed by RHESSI will have triggers in GRM. Namely, there are less than 20 solar flares per year which can cause false triggers in GRM NaI.
We described the trigger efficiency of GRBs in GRM NaI in Fig. 4 in Fig. 10 , 50-150 keV and 150-300 keV are two main trigger energy ranges of GRM CsI for solar flares, especially 50-150 keV. Fig. 11 shows that GRM CsI is not sensitive to short GRBs (the maximum efficiency is 55.3% for bright short GRBs). And the efficiency for bright long GRBs can be more than 90% on the time scales larger than 160 ms. When the flux of GRBs decreases, the energy range 50-150 keV of GRM CsI is not sensitive anymore.
For GRBs, the trigger efficiency in GRM NaI is often obviously higher than that in GRM CsI for the same energy range and time scale combination. And for solar flares, it is converse. Comparing the distributions of energy ranges in which the GRBs and solar flares have triggers with relatively high efficiency, we can conclude that: 1) the sources not triggered in GRM CsI are not likely to be solar flares; 2) the sources triggered in GRM CsI and not triggered in GRM NaI are not GRBs in FOV; 3) the sources triggered outside 50-150 keV in GRM NaI are not likely to be solar flares.
SUMMARY
In this work, three on-board counting rate trigger algorithms of GRM are investigated. And the prime difference between different algorithms is the method to calculate the background. They have their own advantages and disadvantages and complement each other. Short rate trigger algorithm, which is fast but has high threshold and rough calculation of background, is suitable to short GRB triggers but not to dark GRB triggers. Long one-sided trigger algorithm, which can remove the trend of background and has lower threshold, is applicable to long GRB triggers. Long bracketed trigger algorithm, which can remove the trend of background most accurately, has advantage to detecte long GRBs especially to long dark GRBs, but it takes longer than other two algorithms. We can use them simultaneously in order to increase trigger given GRB sample show that 50-150 keV and 150-300 keV are the most sensitive trigger energy ranges of GRM and that a few seconds and several hundred milliseconds are the sensitive time scales for long GRBs and shor GRBs, respectively. We applied the same trigger algorithms to ECLAIRs, and investigated the trigger characteristics of GRM and ECLAIRs. In addition, we find that the solar flares can be disguished from GRBs by analyzing the distribution of triggers in energy ranges of GRM NaI and GRM CsI. And less than 20 solar flares per year, on average, can cause triggers in GRM NaI according to the statistics of the solar flares observed by RHESSI from 2002 to 2012 and the simulations using the typical SOL2002-07-23.
We used a simplification during the simulations. We keep the GRBs in the center of the FOV and keep the photons perpendicular to the detector plane which is the ideal case. And with this simplification, the detection efficiency of the instruments is usually the highest which might make the trigger efficiency higher than that it should be. The investigation with GRBs in various positions in the FOV needs more further work.
According to the observations of BATSE, discrete source fluctuations, Soft Gamma Repeaters(SGRs) and the magnetospheric events which mainly are the electron precipitation events (Mallozzi et al. 1993 ) can also cause many triggers. The triggers occurred as a transient source emerges from behind the Earth can be easily classified since it appears as occultation steps at the predictable times. And the SGRs can be identified et al. 1992). However, the key to identify the triggers by the electron precipitation events and the source flares is the localization capability of instrument from the experiences of BATSE (Horack et al. 1991; Meegan et al. 1993) . GRM consisting of two identical detectors which point to the same direction has no localization capability. And ECLAIRs has image and localization capabilities. Accordingly, GRM can identify the GRB triggers and reject the false triggers more effectively taking full advantage of the trigger information of ECLAIRs. Therefor, the investigation of the cooperations between GRM and ECLAIRs on GRB triggers is another important work which will be proceed in the following work based on the work described in this paper.
